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The present study examined the effects of an 8-week extracurricular outdoor physical activity program aimed 
to improve long-term memory performance in adolescent concerning the Covid-19 period. Participants were 
40 schoolchildren (aged 16-17) who trained twice a week in aerobic exercise two hours per session, randomly 
assigned to participate in either an extracurricular outdoor physical activity program (EG; n = 20) or a waitlist 
control group (CG; n = 20). At baseline and after training we administered the Verbal Paired Associates (VPA-
I) a subtest of the Wechsler Memory Scale – IV (WMS-IV, 2009), which represents one of the most widely 
used instruments for assessing explicit episodic memory performance. The results suggested that after 8-
week aerobic exercise program students were able to increase their long-term memory, and that this capacity 
was more evident following physical activity that required greater cognitive involvement. 
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Outdoor physical activity has always been associated with improvements to physical health and mental well-
being. It helps to prevent many psycho-physical health conditions by enhancing certain physiological 
mechanisms in both healthy and illness (Fischetti et al., 2019; Thompson Coon et al., 2011). Physical activity 
in natural environments not only facilitates enjoyment for participants and improves adherence but may also 
encourage positive behaviors which are likely to produce greater cognitive gains (Lahart et al., 2019). 
Engaging in physical activity outdoors seems especially important for adolescent as it represents a 
stimulating setting for both motor and cognitive development (Latino et al., 2021; Notarnicola et al., 2012). 
Moreover, engagement with nature provides a manifold of human interactions and learning of social skills 
(Wray et al., 2020). 
 
The COVID-19 pandemic has caused an unprecedented lockdown worldwide, resulting in social isolation 
due to the recommendation for people to stay at home in quarantine to prevent the spread of this viral disease 
(Lesser, & Nienhuis, 2020). For over a year now, our kids are forced to remain closed in the house, unable 
to meet their friends, go to school, and experience one of the most important phase of growth: the 
adolescence. A delicate and meaningful time for the personal psycho-physical development that, if it is not 
properly supported, would create irreparable damage (Bonavolontà et al., 2021a). 
 
Physical activity has always been considered of paramount importance young people’s growth (Morano et 
al., 2020). This awareness emerges more clearly and urgency in this particular historical period in which the 
reduction of social relationships and physical inactivity are grafted on a daily life already distinguished by an 
excessive use of internet and social networks (Bonavolontà et al., 2020; Pinho et al., 2020). Global estimates 
indicate that now as never before adolescents do not meet the 2020 World Health Organization (WHO) 
recommendations for physical activity. These preventive measures have caused several impacts on society, 
such as on education, and on adequate levels of physical activity (Dwyer et al., 2020). In fact, multiple lines 
of research suggested that a direct correlation between physical activity and cognitive performance exists 
(Donnelly, 2016; Erickson et al., 2019; Singh et al., 2019). The mechanisms through which physical activity 
may improve cognition involves increasing blood and oxygen flow to the brain (Jorgensen et al., 2000), levels 
of norepinephrine and endorphins (Bidzan-Bluma, & Lipowska, 2018; Fleshner, 2000), resulting in a decrease 
of stress, and growth factors that support synaptic plasticity and help to create neurogenesis phenomenons 
(Cassilhas et al., 2016). Specifically, aerobic physical activity, including that activity performed in open air, is 
able to increases blood flow to important learning areas of the brain, induces positive changes in brain 
structure, and improves performance of brain regions that are responsible for memory (Erickson et al., 2011; 
Voss et al., 2019; Zuniga et al., 2019). One aspect of cognition that appears particularly sensitive to a regular 
aerobic exercise is long-term memory (Labban, & Etnier, 2018; Pyke et al., 2020). Concerning that, a large 
body of literature suggests that regular aerobic physical activity engagement appears to improve neural 
structures that facilitate the storage of explicit information in long-term memory (Cooper et al., 2018; Hötting, 
& Röder, 2013; Voelcker-Rehage, & Niemann, 2013). It was hypothesized that an exercise-induced increases 
in the amount of available resources has an impact on memory storage capacity, thereby promoting learning 
outcomes (Khan, & Hillman, 2014). Moreover, green physical activity experienced in natural dynamic 
environments, deeply activates cognitive processes involved in encoding and retrieving information (Pesce 
et al., 2009; Williams et al., 2000). 
 
In the light of what was discussed, the potential enhancement of memory function from exercise-related has 
numerous implications in academic achievement. Therefore, the relationship between physical activity and 
cognitive outcomes, such as school performance is extremely significant because the level of education is 
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an important predictor of quality of life (Donnelly et al., 2016). At this time, outdoor exercises in the means of 
improving both motor and cognitive performance overstretched by the inactivity, is more necessary than ever. 
Today, training in open air is the unique opportunity not only for increasing general well-being and maintaining 
social relationships, but it also represents a positive way to improve academic outcomes. Despite the need 
to keep safety physical distancing and all the measures provided to contain the contagion, physical activity 
performed in open-air could be an optimal way to establish a positive and healthy routine both for the physical 
and mental well-being (Park et al., 2020). Thus, green exercise may be a useful natural medicine to address 
these challenges facing world countries. 
 
On the one hand the scientific studies conducted in this area are numerous, but they are mainly focused on 
the elderly where the effects of physical activity may be more evident due to age-related degradation of 
memory, and on the potential risk of injury. For this reason, preventive motor interventions are required both 
for neuropsychic (McEwen et al., 2018; Roberts et al., 2017), and physical injury risks (Bianco et al., 2014; 
Bonavolontà et al., 2021b; Patti et al., 2021). On the other hand, not enough it was done concerning the 
relationship between aerobic physical activity and memory in youth. Therefore, to extend the knowledge in 
this research field, the purpose of this study was to assess the impact of an outdoor physical activity program 
on long-term memory, an important aspect of cognition that represents a positive way to improve academic 
performance, at the time when adolescents have to observe forced rest due to Covid-19 confinement, risking 
the worsening of athletic performance and suffering postural disorders that require special interventions 
(Greco et al., 2019). Specifically, we focused on adolescence because youth are increasingly complaining 
about depression and isolation that more and more often results in negative behavior, but above all because 
we believe that adolescence is an important period for establishing healthy habits for the construction of the 
body image (Latino et al., 2019), and a functional physical suitable for maintaining physical athleticism 





In this research, a randomized controlled study design was used to investigate the effects of an 8-week 
extracurricular outdoor physical activity program on long-term memory, at the time when students must 
observe a forced rest because of the Covid-19 confinement. The study was conducted in a local green park 
consisted of 16 lessons of supervised aerobic exercises. The interventions were performed for 120 minutes 
2 days per week at the end of the daily school lessons. Training sessions were conducted in the evening 
from 2.30 pm to 4.30 pm on Tuesday and Thursday. Measurements were administered 1 week before training 
(pre-test) and directly after training (post-test). 
 
Participants 
We randomly assigned 40 healthy male and female adolescent students of 16-17 years (24 males and 16 
females; M age = 16.3; SD = ± 0.51) to either an experimental group who practiced an Extracurricular outdoor 
aerobic training, or a wait-list. Participation in the research study was voluntary and all high students from 
the local school were eligible to participate in this study. Inclusion criteria were the following: participants had 
to be relatively healthy individuals capable of completing a moderate-intensity aerobic exercise session and 
able to abstain from all physical activity outside the parameters of the study protocol. From the study were 
excluded any students with an orthopedic condition limiting their ability to perform exercises, and those 
unable to abstain from all physical activity outside the confines of the study protocol on the testing days. 
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The participants included in the control group were informed that they were on a waiting list for participation 
in the exercise program and were asked to complete the data collection initially and at eight weeks, before 
being allocated to the intervention condition. The study was conducted from September to November 2020. 
All participants and their parents received a complete explanation in advance about the purpose of the 
experiment, its contents, and safety issues based on the Declaration of Helsinki, and parents of all 
participants provided their written informed consent before the study. 
 
Procedures 
The intervention program was administered in a local green park at the end of the daily school lessons. Each 
session of the intervention program involved the following stages: warm-up for 10 minutes, perform the main 
exercises for 50 minutes, a game or dance session for 50 minutes, and cool down and deep relaxation for 
10 minutes. The participants wore clothing appropriate to physical activity and sport shoes throughout the 
intervention. The intervention program was instructed, supervised and performed by one experienced 
physical education teacher, certified by Italian Ministry of Education. 
 
Two days before the beginning of the intervention, participants performed the Verbal Paired Associates, a 
subtest of the Wechsler Memory Scale – IV, which represents one of the most widely used instruments for 
assessing explicit episodic memory performance. The participants completed the test immediately prior to 
and following the intervention, at the same time of the day and under the same experimental conditions in 
order to allow pre- and post-testing data connection and to evaluate the effects of the intervention program. 
Students were tested individually and all trials were performed using a standardized test protocol, observing 
the same conditions. 
 
Measures 
The Wechsler Memory Scale – IV 
The Wechsler Memory Scale fourth edition (WMS-IV, 2009) is a well-validated and reliable 
neuropsychological test designed to measure different memory functions in people aged from 16 to 90. It is 
made up of seven subtests: Brief Cognitive Status Exam, Spatial Addition, Symbol Span, Design Memory (I 
& II), Logical Memory (I & II), Verbal Paired Associates (I & II), and Visual Reproduction (I & II). The operator 
can choose to use all of them, some specific or just one. Relating to four subtests there is a form of immediate 
(I) or deffered (II) administration. In this study, Authors decided to use the Verbal Paired Associates I & II. 
This subtest is one of the most widely used instruments for assessing explicit episodic memory performance. 
It measures relational memory of word pairs over repeated learning trials. In VPA I the tester read aloud a 
list of 14 word-pairs to the participant. After the presentation of the list of pairs, the tester said the first word 
of each pair and the respondent was required to provide its associate. The procedure was repeated 4 times, 
the same 14 word-pairs was used but varying the order of the word pairs for each trial. Approximately 20 
minutes after completing VPA I, VPA II was administered. In this trial the tester read out the first word of each 
pair and the examinee was to recall which word was paired with it without hearing the word-pairs again. The 
system for calculating the score was for both VPA I and VPA II the number of correctly recalled words. It 
includes 1 point for each correct answer and 0 for each incorrect answer. Testing time was between 45 and 
60 minutes, including the instruction and practice phase. Assessment protocol has been proposed a day 
before the beginning of the phase of observation and a day after the end of the intervention, in order to 
analyse any changes. 
 
Exercise training intervention 
The exercise intervention program was composed of different group of physical activities that included: 
flexibility, aerobic exercise, motor skills exercises, cardio dance workout and game. It was designed to be 
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enjoyable and appealing by allowing participants to use their favorite music in the exercise sessions. Each 
round of exercise session included 10-minute warm-up, moderate to vigorous physical activity, and 10-minute 
cool-down. 
 
Various physical activities were used in order to maintain the motivation and the adherence in the program 
of each participants. The activities carried out were: joint mobility exercises, bodyweight exercises, group 
exercises, circuits, calisthenics basic workout, pilates exercises, exercise stations, cardio dance workout, 
zumba, and tag and ball games. 
 
The intervention program started with a 10 minutes of warm-up sequence. The purpose of the warm-up was 
to prepare the student mentally and physically for the conditioning exercise that followed and to reduce the 
risk of injury. Warm-up included the following exercises: marching in place, wide toe touch, leg swings, arm 
swings, half jacks, chest expansions, torso rotation, alt back expansions, shoulder rotations, hops on the 
spots, single-leg hops, hip rotations, walking jacks, hip circles, walking knee hugs, side shuffles. 
 
Each training session ended with a brief full-body relaxation and cool-down exercises. It consisted in a 
sequence of static stretching exercises which included glute stretch, standing quad stretch, piriformis stretch, 
side bench stretch, arm-cross shoulder stretch, overhead triceps stretch, lower back stretch, abdominal 
stretch, lunge with spinal twist, butterfly stretch, seated shoulder squeeze, child pose, breathing exercises. It 
was important for muscle relaxation and the improvement of joint range of motion. 
 
Statistical analysis 
We carried out statistical analyses using SAS JMP® Statistics (Version <14.3>, SAS Institute Inc., Cary, NC, 
USA, 2018). We presented data as group mean (M) values and standard deviations (SD) and checked for 
assumptions of normality (i.e. Shapiro-Wilk test) and homogeneity of variances (i.e. Levene test) in the data 
distributions. We used an independent sample t-test to evaluate group differences at baseline and a two-way 
ANOVA (group (experimental/control) × time (pre/post-intervention), with repeated measures on the time 
dimension, was conducted to examine the effect of the Multilateral Training on all dependent variables. When 
‘Group x Time’ interactions reached significance, group-specific post hoc tests (i.e., paired t-tests) were 
conducted to identify the significant comparisons. Partial eta squared (η2p) was used to estimate the 
magnitude of the significant ‘Time x Group’ interaction and interpreted using the following criteria: small (η2p 
< 0.06), medium (0.06 ≤ η2p < 0.14), large (η2p ≥ 0.14). Effect sizes for the pairwise comparisons were 
determined by Cohen’s d and interpreted as small (0.20 ≤ d < 0.50), moderate (0.50 ≤ d < 0.79) and large 




Table 1. Changes in long-term memory after an 8-week outdoor program. 
 Experimental Group (n = 15) Control Group (n = 15) 
 Baseline Post-test Δ Baseline Post-test Δ 
Wechsler Memory Scale – IV 


























Note: values are presented as mean (± SD); Δ: pre- to post-training changes; †Significant ‘Group x Time’ interaction: significant 
effect of the intervention (p < .001). *Significantly different from pre-test (p < .001). 
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All subjects received the treatment conditions as allocated and completed the training program. No injuries 
were resulting from neither training program. 
 
The experimental and control groups did not differ significantly at baseline in age, anthropometric 
characteristics, as well as in psychological measures (p > .05) (Table 2). Pre and post-intervention results for 
all dependent measures are presented in Table 1. 
 
Verbal paired associates I 
Statistical analysis revealed significant ‘Time x Group’ interaction for Generalized self-efficacy scale (F1,38 = 
164.94, p < .001, η2p = 0.81, large effect size). The post-hoc analysis revealed a significant improvement in 
the score for this cognitive skill (t = 14.27, p < .001, d = 3.18, large effect size) in the intervention group. No 
significant changes were found for the control group (p > .05). 
 
Verbal paired associates II 
Statistical analysis revealed significant ‘Time x Group’ interaction for Generalized self-efficacy scale (F1,38 = 
88.38, p < .001, η2p = 0.69, large effect size). The post-hoc analysis revealed a significant improvement in 
the score for this cognitive skill (t = 10.33, p < .001, d = 2.31, large effect size) in the intervention group. No 




The purpose of this study was to investigate the relationship between an 8-week extracurricular outdoor 
physical activity program on long-term memory among students who must observe a forced rest because of 
the Covid-19 confinement. 
 
In this research, the results indicate that a brief green exercise program was effective in improving episodic 
long-term memory. In particular, they suggested that a moderate to vigorous aerobic exercise has a direct 
and positive impact on the words recall ability previously acquired. 
 
In fact, the most important finding which positively connects aerobic exercise with explicit episodic memory 
concerned the fact that students showed better ability to recall words as much in immediate trials (PVA I) as 
during deffered trial (PVA II). It reflects the ability to hold in mind in non-transitory way but relatively stable 
the information acquired. Given that, this exercise benefit was observed a day later the end of the intervention 
program, it seems likely that the memory benefits that were observed were due to the ability in the 
maintenance of information over time associated with the consolidation of memories that was affected. 
Specifically, we believe that the relationship between outdoor physical activity and improvement of long-term 
memory could be founded in the 2 mainly factors which characterized this green exercise program, namely 
the aerobic component of physical exercise, and the participation to complex physical activity that required 
greater cognitive involvement. In connection with this, previously research supported the idea that aerobic 
exercise is able to stimulates hippocampal neurogenesis and consequently improves episodic memory (Alam 
et al., 2018; Loprinzi et al., 2019, 2020). Several scientific evidence suggests that aerobic exercise increases 
brain derived neurotrophic factor (BDNF) which is a peripheral indicator of hippocampal neurogenesis 
(Bekinschtein et al., 2011; Leal et al., 2017) whose increase is correlated with improved memory function (Fu 
et al. 2017). Researchers indicated that higher intensity exercises elicit greater BDNF levels, thus it has been 
identified as a potential mechanism for the effects of exercise on memory (Cefis et al., 2019; Etnier et al., 
2016; Saucedo Marquez et al., 2015; Schmidt-Kassow et al. 2012). 
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Likewise, the motivational component and the solicitation of social skills in a moment of enforced isolation 
could be the elements that allowed students when interacted with peers to be especially susceptible to learn 
(Xiang et al., 2020). Moreover, exercising in natural environment, provided added value to these beneficial 
effects, through a positive and strong connection between physical activity and nature. The deep relationship 
between open-air physical activity and long-term memory has been widely accepted in scientific literature 
(Lahart et al., 2019; Suwabe et al., 2017). 
 
Knight (2013) in her study, outlined that children who experienced outdoor teaching over regular intervals of 
one school day per week in the forest showed a higher academic performance than their peers in the school 
building. Their outdoor-learning program included chances to be physically active during curricular lessons 
planned by the teachers. Thompson Coon et al. (2011) argued that exercising in a natural environment, rather 
than in built environments indoors, reduces symptoms of distress and interpersonal difficulties, as well as 
decreases in tension, and confusion. Moreover, researchers found that the greater time spent doing green 
exercise, the greater improvements in learning (Colella, & d’Arando, 2021). Those impacts were greatly 
increased when there was engaging in complex physical activity (Donnelly et al., 2016). 
 
Based on what was discussed it was possible to claim that the findings of the previous research support our 
hypothesis, according to which students had significantly improved their episodic long-term memory, and at 
the same time had the opportunity to revitalize their mind and body and found resilience to stress following 
the outdoor physical activity intervention. Moreover, this brief program represented an extraordinary 
opportunity to escape from the daily routine lived at home within the walls, which they were forced due to 
Covid-19 pandemic (Raiola et al., 2020). 
 
Despite the contribution regarding the significant relationship between outdoor physical activity and long-term 
memory some limitations were present within this study. First was related to the small sample size (N = 40) 
generated to the difficulties in recruiting students to participate due to the reluctance of parents feared to 
expose their children to contagion risks. Moreover, the sample was recruited from a population of students 
at local public school, therefore the results may not be generalizable. A second limitation concerned the fact 
that we did not evaluate the long-term effects of exercise on long-term memory and the lack of psychosocial 
measures, such as the assessment of participants’ enjoyment, and resilience to stress. Future research 
would need to examine these possibilities in order to explain these variables. However, the results obtained 
could provide important indications for future studies. In fact, the strengths of this study were represented by 
the beneficient approach that this simple and effective program brings for the improvement of learning ability 
and consequently for academic achievement. Thus, Educational Institutions must acknowledge the 
importance of green physical activity in order to encourages the child to be physically active and at the same 




This study suggests that aerobic exercise is an effective intervention able to increase the student’s episodic 
long-term memory. It is a vehicle to promote a range of outcomes important to adolescents' qualitative growth. 
Indeed, it provided a positive and significant impact on sedentary lifestyle. 
 
The COVID-19 pandemic, due to its unprecedented scale and unique response strategies, has had a 
critical impact on children’s physical fitness as well as academic performance, particularly for those who 
have not practiced physical activity. Thus, we believe that this program was important to facilitate learning, 
as well as physical and mental well-being. 
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The above evidence suggests that a green program that encourages the child to be physically active, 
promotes activities that include a combination of aerobic movement and complex physical activity with greater 
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